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EMERGENCYELEVATOREVACUATIONSYSTEMS

by John H. Klote, Bernard M. Levin and Norman E. Gronerf

ABSTRACT

Throughoutmostof theworld,waming signs next
toekvatorsindicate thattheyshouldnot beusedin
firesituations. However, theideaofusing elevators
to speed up fire evacuationand to evacuatepeople
with disabilitieshasgained considerableattentionin
recentyears.The concept of an emergencyeievator
evacuation system (EEES) is developed An EEES

i includesthe ekvator equipment,hoistway(elevator
shaft), machine room, elevator lobby, as well as,

i protection from heat, flame, smokq water,
overheating of elevator machine room equipment,
and loss of electrical power. While the primayI

i objective of an EEES is fire evacuation of building
occupants, these systems are also applicable for

( fire service mobilizationbefore fire fightingand for
t non-fire emergency evacuation (due to bomb
I threats for example). In areas of high seismic

~
activity, attention must be paid to earthquake
design. Further,the developmentof an EEESneeds

i to take into account human behavior so that
building occupants will be willing and capable of
operating the system in an emergency.The issues
of communications, elevator control and out-of-
sewice elevatorsare addressed.Risconcludedthat
design of an EEES for a small numberof people is

I feasible. An EEES for small numbersof people is
I much simpler than one for the large numbers of

people in a general evacuation. Based on what is
learnedfrom an EEESfor a smallnumberof peoPle,’
an applicationfor many people could follow.

INTRODUCTION

In the 1960’s concern about the danger of fire
exposure of elevator passengers lead to the
prohibnion of elevator use for fire evacuation.
llwoughout most of the world, warningsigns were
placed next to elevators indicatingthey should not
be used in fire situations. However, the idea of
using elevatorsto S- up fire evacuationand to
evacuate people with disabWes has gained
considerable attention in recent years.

Bazjanac (1974, 1977) and Pauls(1977) studied the
impact of elevator evacuation on evacuation time.
On February 19 and 20 of 1991, the American
Society of Mechanical Engineers (ASME) held a
symposiumin Mlmore entitledF/re and Elevators.
several of the papers at this symposiumdealt with
fire evacuation by elevators(Degenkoib 1991; Fox
1991; GatWld 1991; Klote and Tamura 1991; pads
et al. 1991). NIS hosted a workshop for elevator
use during fires (tQote et al. 1992s). NIH has
studied the feasibilityof fire evacuation by eievalor
for office buildings(KJoteet al. WWb). This study
usedevacuationca.lculationstoshowthat combined
useof elevatorsand stairscouldsignificantlyreduce
evacuationtime for tall buildings.

KJoteet al. (1994) studied the feasibilii of elevator
evacuation of FAA air traflic control towers and
developed the concept of an emergency elevator
evacusrion system (EEES). This paper is a
discussionof the EEES idea without restrictionto
occupancy type. An EEES includes the elevator
equipment,hoistway(ekvatorshaft), machineroom,
elevator lobby, as weJlas, protection from heat,
flame, smoke, water, overheating of elevator
machine room equipment, and 10s of ~ectric~
power. While the primary objective of an EEES is
fireevacuationofbuildingoccupants,thesesystems
are also applicable for fire service mobiliiion
before fire figtilng and for non-fire emergency
evacuation (due to bomb threats for example).
However, the focus of this paper is on fire
evacuation aspect both with and without direct
participationby the fire sewice.

POSITION AGAINST ELEVAKIR Evacuation

Problemswithelevatorfireevacuationwere listedin
some ediiionsthe NFPA LifeSafety Code, but 1976
edition was the last to list these problems (NFPA
1011976):

● Persons sssking to eecape from a fire by
means of an elevator may have to wait at
the elevator door for some time, durin9
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which they may be exposed to fire, smoke
or developing panic.

● Automatic elevators respond to the
pressing of buttons in such a way that it
would be quite possible for an elevator
descending from floorsabove afire to stop
automaticallyat the floor involvedin the fire
and open automatically, @xp0Sin9
occupants to fire and smoke.

● Modern elevators cannot start until doors
are fully closed. A large number of people
seekingto crowd into an elevatorin case of
emergency might make it impossible to
start.

● Any power failure,such as the burningout
of electric supply cables during afire, may
render the elevators inoperative or might
result in trapping persons in elevators
stopped between floors. Under fire
conditions there might not be time to
permit rescue of trapped occupants
through emergency escape hatches or
doors.

lhere are other concerns. Fire or smoke might
damage elevator equipment. Water from sprinklers
or fire hoses could short out or cause other
problems with electrical power and control wiring
for the elevator. Overheatingof elevator equipment
could result in malfunction of elevators.
Ressurization for smoke control could result in
elevatordoors jamming open, limitingmovementof
the car. Piston effect due to elevator car motion
could pull smoke into the elevator lobby or the
hoistway. However, it is possibleto design EEESs
with a high level of protection relative to these
concerns.

EVACUATION SYSTEM CONCEPT

lhe EEES systemincludesthe elevatorequipment,
hoistway, machine room, and other equipment@
controls needed for safe operation of the elevator
during the evacuation process (figure 1). Because
people mustbe protectedfromfireand smokewhile
they wait for an eievator, the system must include
protected elevatorlobbies.Such protect@ ekvator
lobbies also help to preventthe fire from acth@ng
efevatorbuttonsso that elevatorcars are prevented
from being called by the fire to the fire floofil].

An EEES must have protection from heat, flame,
smoke, water, overhan9 of el~or machine
room equipment, and loss of eiectricaJpower. In
addition,an EEES must have a controlapproach to
assureprotectionof people travelinginthe elevator.
In areas of high seismic activity, attention must be
paidto earthquaked=”gn. Futther,the development
of an EEES needs to take into account human
behaviorso that building occupants will be willing
and capable to operate the system in an
emergency. The following sections address these
issues.

ISSUES OF ELEVATOR EVACUATION

This section presentssome of the issuesthat have
been raised concerning elevator evacuation.

1. Myth of Panic: There is a misconceptionthat

2

@Ic behavior would commonly mutt in
people crowding into an elevator and blocking
the elevatordoors open so the car will not run.
Keating(1982) states

‘Multiple deaths in fire tragedies are
frequentlyheadlinedin the pressby repotts
of panic behavior of the victims. Such
conclusionsby the press persistin spite of
the insurmountableresearchevidence that
concludes exactly the opposite.”

Ke@ng discussesthe human behavior studies
of the survivors of many major fires and
concludes that panic behavior is rare in fire
situations, Bryan (1988) concurs that panic
behavior is rare even among people aware of
an ongoingfire, and he indicatesthat the most
frequent mode of behavior during fire
emergenciesisdeliberateand purposeful.Thus
the probabilii of panic behavior in a lobby
protected from heat and smoke is very low.
However, education would be valuable to
overcome misconceptionsabout panic.

Fires Inside an EE= For a fire in the
hoistway,elevatorlobbiesor machineroom:the
EEES should be shut down. Fires in the
hoistwayor elevator lobbiescan easily resultin
untenable conditionswithin the EEES. Fires in
any ~ of an EEES would expose efevator
components to smoke, elevated temperatures
and possibly water from sprinklers. Efevator
components currently being manufactured
cannot be expected to operate in such
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environments. WMIe it is po~”bie to develop
elevator components that have some level of
resistanceto fire produced environments,the
approachto EEESStaken inthis paper is based
on using currently available elevator
components. Therefore, when there is a fire
inside an EEES, the approach taken in this
Paper is to shut down the EEES,

3. Protection of Waiting Peopkx People waiting
for an elevatorfor fire evacuationneed to have
an elevator lobby that providesa high level of
protection from heat, flame and smoke. The
topicsof protectionfromheat,flameand smoke
are addressed later in this paper.

4. Protection of Passengers: One approach to
protecting passengers from elevator doors
opening automatically onto fire is to have
elevator lobbies thal provide protection from
heat and smoke. Another approach is an
elevator control mode that prevents elevators
from stopping at lobbies where untenable
conditions are detected. A system using both
approaches would have a higher level of
reliabilii because of redundancy.

5. Protection from Heat and Flame:
Compartmentationis one ofthe oldestmethods
of fireprotectionand hasbeen extensivelyused
to limitthe spread of fire. As discussedlater in
this paper, the methods of fire resistant
constructionare well establiied.

6. Equipment Protection from Smoke:
Compartmentation, dilution and pressurization
are techniques that can be used to protect an
EEES from smoke infiltration. A ]oint
US/ Canadian research effort con~ing of
concept studies and full scale fire experiments
lead to developmentof designdata for elevator
smokecontrolsystemsusingpressurization.An
overviewof suchsmoke protectionis presented
later in this paper.

7. Reliable Electric Powwm Existingtechnology
can be used to assure highly reliable electric
power so that elevatom will be availablewhen
needed for fire evacuation. llwre is
considerable experience in providhg highly
reMble power for numerous applications
(computer facilities, hospital operating rooms,
etc.). The topic of reliable electrical power is
addressed in furtherdetail.

8. Water Protection and Fires Outaide an EEES:”
There is concern that water from sprinklersor
fire hoses could short out or cause other
problems with electrical power and control
wiring for the elevator. For fires outside an
EEES, water protection is needed, and such
protection is addressed later.

9. Pnxection from Eauimnent Overfwatina:

10.

11.

bee of cooling has the &Xential to cause lo&
of elevator service due to overheating of
elevatorequipment.@preaches to preventloss
of machine room cooling are discussed later.

Doors Jamming There is concern that
pressurizationfor smoke control could resultin
elevator doom jamming OP, limiting
movement of the car. lhe friction force
increaseswith the pressuredifferencefrom the
hoiiay to the lobby. In tall buildings,elevator
doors frequently jam open during extremely
cold weather. This is caused by stack effect
induced pressure differences. flevator
mechanics commonly adjust the door closing
forces to prevent door jamming. In field tests
conducted of pressurizedelevator systems by
Klote (1964), no door jamming was
encounteredat pressuredifferencesas high as
75 Pa (0.3 in H20). When door jamming was
encountered in an elevator without smoke
control, it was foundthat only a smalladditional
force applied by the palms of the hands was
sufficient to overcome jamming. Fire fighters
and building occupants can be taught to
overcomedoor jammingthis way, and elevator
doors could be fitted with grips or handles to
aid in this effort.

Piston Effect 7here is concern that piston
effect due to elevator car motion could pull
smoke into the elevator lobby or the hoistway.
Analysisof the airflowsand pressuresproduced
by elevator car motion in a pressurized
hoistwaywas developed by Klote(1966) based
on the continuity equation for the contracting
control volume in a hoistway above an
ascending car. From this analysis, a simple
aDDroachto ?xevantPressurizationfailuresdue
to” Diston &fect w& developed, and this
app~oach is presented by Klote and Milke
(1992).
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HEAT AND FLAME PROTECllON

Compartmentationis one of the oldest methods of
fire protection and has been extensively used to
limit the spread of fire. Compartmentation is also
one approach to smoke protection, and this is
addressed in the next section.As a convenienceto
the reader the concepts of compartmentationare
briefly described here, and for further information
readers are referredto Bamett (1992), Boring et al.
(1981), Bushev et al. (1978) and Campbell (1991).

Buildingsare divided into compartmentsformed by
fire barriers.lhese barriersare walls,partitionsand
floor-ceilingassembliesthat have some level of fire
resistance.The traditionalapproachto evaluatefire
resistance is to subject a section of a bartier to a
standard fire in a standard furnace. Each building
fire is unique in duration and temperature,and it is
not wrprising that the performance of barriers in
buildhg fires differs to some extent from the
performancein standardtests. HiStOriC@ty,the 90d
of fire resistant construction was pro@ty
protection, but the primarygoal of currentcodes is
Iii safety. lhe codes require specific levels of fire
resistance for specificapplicationswith the goal of
protecting Me.

throughout the United States, the fire tiStSnce
requirements vary. l’he requirementsof the NFPA
Life Safety Code (NFPA 101 1994) are discussed
here, because they are represematk The Life
Safety Code requir- that fire barriers meet the
requirements of NFPA 251 (1990) and have fire
resistance ratings of 20 minute, % hour, 94 hour, 1
hour, or 2 hour. Door openings and other types of
openings in these barriers need to be protected.
Fuel loads may be located next to walls and
partitions,but generallythey are not located against
doors. Thus it is expected in many fires that doors
would have lesssevere exposuresthan the barriers
in which they are located. In general, NFPA
requires a 20 minutedbor in a 20 minute barrier,a
20 minute door in a ‘A hour barrier, a 20 minute
door in a % hour barrier, a 1 hour door in a 1 hour
bamier, and a l% hour door in a 2 hour barrier.
However, there are some exceptions to these
requirementsdependingonthe buildingoccupancy.

In general, stairs connecting three stories or less
are required to be separated from the rest of the
building by 1 hour fire barriers, and stairs
connecting four or more storiesare required to be

separated by 2 hour fire barriers. The requirement”
for other shafts including hoistways in new
constructionis the same.

For an EEESto be equivalentto stairswith respect
to compartmentation,the enclosures of the EEES
need to be as good as that of a stairwell. me
enclosures of the hoistway, elevator lobbies and
machine room need to have the same level of fire
resistiveconstructionas stainveils.To be equivalent
with NFPA 101 comp@tmentationrequirements,an
EEES four stories or taller would need 2 hour
barriem separating the hoistway, elevator lobbies
and machine room from the rest of the building.

SMOKE PROIECTION

lhe mechanisms that can be used to provide
smoke protection are air flow, buoyancy,
compartmentation, dilution and presw~ion.
Detailed information about these mechanisms is
presentedby Note and Milke(1992). Becauseofthe
concern about wpplying oxygen to the fire, KJote
and Milke recommend against using airflow for
smoke control, except when the fire is wppressed
or in the rare cases when fuel is restricted with
confidence.Further,airfiowhasbeen primm”lyused
to manage smokefromfiresin subway,railroadand
highway tunnels. For the EEES concept of this
paper with extensive barriers (WdlS, fiOOI’Sand
ceilings)and automaticclosinglobbydoors, smoke
controlby airflowhaslimitedapplicability.Buoyancy
is primarilyused to manage smoke in large spaces
such as atria and shoppingmalls.Systemsthat rely
on buoyancyare inappropriateforsmokeprotection
of EEESs.For the EEESconcepts of this papef, the
mechanisms of compartmentation, d[lution and
pressurizationare dwussed below.

Comparbnentation

Systemsusing only compartmentationhave a long
historyof providhg protection against fire spread.
In wch fire compartmentation,the walls, partitions,
floors,doors, and other barriersprovidesome level
of smoke protectionto spaces remotefrom the fire.
Smoke leakage into spaces protected by
compartmentation depends on the ieakage of
barriers and pressure dtierences due both to
natural building flows and fire induced flows.
Analysisof smoke protectionby compartmentation
is possibleand requiresanalysisof smoke leakage,
toxicity and evacuation. Bukowski et al. (1991)
provide computer routines for wch evacuations.
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While such methods can be used to design these
systems, no testingtechnique has been developed
that can assure that these systems will work as
intended. However, an approach similar to
smokeproof enclosures for stairs by natural
ventilationis possiile as discussedlater.

Dilution

Dilution of smoke is sometimes referred to as
smoke purging,smoke removal,smoke exhaust,or
smoke extraction.Dilutionconsistsof supplyingair
to and exhaustingair froma compartmentedspace.
For a compartment remote from the fire, dilution
can be used to maintain tenable conditions when
there is some smoke infiltrationfrom an adjacent
space. Aswithcompartmentslion,analysisof smoke
protection by dilution is possible and requires
analysisof smoke leakage, toxicityand evacuation.
Alsothe computerroutinesof Bukowsldet al. (1991,
1994) can be used for such evaluations. As with
compartmentation,no testing technque has been
developed that can assurethat these systems will
work ~ intended.

Systems relying on compartmentation with
pressurization are designed on the basis of no
smoke leakage into protectedspaces. Accordingly,
analysis of such pressurization systems is less
complex than that of systems using
compartmentationalone or compartmentationwith
dilution. Acceptance testing and routine testing of
pressurimion systemsis done by measurementof
the pressuredifference produced when the system
is operating. ‘.

A joint U.S./ Car@an project was undertak~ to
evaluate the feasibilii of using pressutilon for
smoke protection of elevators used for fire
evacuation. Full-scale fire experiments were
conducted in a ten-story fire research tower near
Ottawa (Tamura and Klote 1988, 1987a 1967b).
lhese experimentsverifiedthat pressurizationcan
provide smoke protection for an EEES. Design
informationfor these systemsis presented by Klote
and MlIke (1992), and this information has been
extended to includethe effectsof wind (Note 1995).

WATER PROTECTION

During a fire, water from sprinklersand fire hoses
can damage electronic, electrical, and mechanical

components of an EEES. For fires outside the”
EEES, the two major locations of concern about
water damage are the machine room and the
hoistway. Two potential approaches to minimize
water damage are

1. use of elevatorcomponentsthat can function
in a wet environment,and “

2, preventionof waterfromenteringthe hoistway
or machine room.

The following sections discuss these approaches
including the extent of the waler exposure that
eJevatoremergencyevacuationsystemsmightface.

Water Expoam

The purpose of this section is provide information
about the quantitiesofwaterthat can be released in
a buildingdue to firesuppressionor firefighdng.For
a commonly manufactured sprinkler head with a
12.7 mm (0.50 in) diameter orifice, the flow rate at
69 kf% (10 P@ with a discharge coefficientof 0.75
is67 U min(17.7 gpm). lhese conditionsare typical
of the kind of minimumrequirementsfor the remote
hedi in a sprinklersystem.However, heads closer
to the source of waler would be subject to higher
pressures and have higher flows. For example, a
pressureaway from a the remote head of 600 kPa
(87 psii, the flow would be about 2Q0 U min (53
gpm).

The extentof water exposure from fire hoses is
usuallydifferentfor interiorand exteriorattacks. For
interior attacks, the fire service usually uses
manuallyheldhoseswitheithersolii-stream nozzles
or spray nozzles. Solii-steam nozzles of diameter
from 6 to 29 mm (0.25 to 1.125 in) are considered
for hand held hoses.A 29 mm (1.125 in) solii-steam
nozzle producesthe sfandird stream of 950 U min
(250 9Pm) at 310 M% (45 psii nozzle pressure.

Spray nozzles (also called fog nozzlee) from 19 to
64 mm (0.75 to 225 in) are also manually held and
used for interiorattacks,A Manually held hose with
solkktream or spray nozzles has flow rates from
approximately40 to 1150 Umin(11 to 3009pm).
Often for exta”or attacks, the fire service uses !
mechanicallyrestrainedhoses referredto as rnasfer
flow dewlcesthat haveflow ratesfrom 1900 to 7500
IJ min (500 to 2000 gpm), The flows discussed
above ere summarizedin table 1.

. . .. . . . .
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MkNer Resistive Elevator Components

Currently no elevators have been developed with
water resistantcomponentsfor operationduring fire
evacuations. However, many elevators operate
outdoorson exteriorwallsof buildingswith many of
the systemcomponentsexposed to rain, wind and
extremesof temperature.llwse outdoor conditions
are bekved to be much more severe than those
associatedwirhwater flow insidea hoistwaydue to
a buildingfire. Wile it istechnicallyfeasibleto build
elevatorswith water protected components which
will operate during afire, testing and maintenance
of such water resistivecomponents is a concern.

Mhthout routine testing for water resktance,
componentsthat degrade from years of use or are
accidentally damaged would go undetected and
unrepaired. To assure that the water resistive
featuresoperateproperly,routineinspection,testing
and repair efforts would be needed. The moat
positii approach to testingwould involveuse of a
water spray or a water stream inside the hoistway
and poesiily insidethe machineroom. For machine
rooms located at the bottom of the hoietway, the
water problem is more of a concern. These water
tests have the potential for water leakage to other
building spaces and resultingdamage to buiidhg
finishes and other objects. Because Iiile is known
about water flow in h&tways, the extent to which
water protection is needed and routine tests are
needed is unknown.

Fwther research may result in improved
understanding of hoistway water flow, methods of
developingwater resistantelevatorcomponentsand
appropriate tests. Until such water resistance
technology isdevelopedfor ebmtorevacuation, the
only practical approaches are (1) prevention of
water from entering the hoistway, (2) the use of
exterior elevators, and (3) the use elevators with
exterior lobbies. Theses altemative$are discussed
beJow.

Prevention of Water Entry

Buildingconstructioncan be used withthe intentof
preventing water from entering the hoiiay and
machine room. The following sections d=uss the
use of sloping floors, floor drains and doom with
seals to keep water out of the hoistway, end a
possible approach combining these elements is
discussed.

SlodncI Floors: Sloping floors can control water”
flow, ~rovided that the ‘water velocity is relatively
low as when the flow is due to a distantspill [order
of 0.1 m/s (20 fpm)]. Analysisof Klote, Levin and
Groner (1994) showed that a slopping floor cannot
control relativelyhigh velocity flow, such as those
from hose streams. .

F/oor Drains: A 50 mm (2 in) diameter floor drain
has a maximum capacity of about 115 IJ min (30
gpm), and a 75 mm (3 in) diameter floor drain has
a maximumcapacity of about 190 U min (50 gpm).
These capacities are for floor drains that are clean
and have a elope of about 2% of the length.
However, drains are sometime installed with less
elope and they often become clogged.

By comparison with the water flows of sprinklers
and fire hoses (table 1), it is apparent that a clean
and properly installedfloor drain of 75 mm (3 in)
diameter may be able to cany away the waler from
eprinklem,but it does not have the capacity to deal
with fire hoseflows.A clogged drain or one without
the proper elope my not be able to carry away the
water from sprinklers.

Floord~”ns maybe a significantpart of a design to
preventwater from enteringa hoistwayor machine
room. However, it is not appropriate to rely totally
on floor drains for water protection. ‘

Door Sea/s: Seals havebeen historicallybeen used
on exterior doors for comfoft and ener9y
conservation and on interior doors for control of
odors, soundand light.Sealson the doors between
the elevator lobby and the building have the
potential to significantlyreduce water flow into the
elevator lobby. However, seats can be installed
improperlyor be damaged over a lifetimeof normal
operdon.

Klote, Levin and Groner (1994) presented an
analysis that illustrate how much water can flow
through an undercut and why seals are important.
For a door that is sealed [bottom gap thickness of
aboul 2 mm (0.08 in)], this analysis results in a
maximumflow under the door of about 30 U min (8
gpm). For an undercut of 12 mm (0:47 in), the
maximumflowwould be about 190 lf min(50 gpm).
While door seals cannot prevent all water leakage
into an elevatorlobby, they can sign”ficsntlyreduce
such f!OW.
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As with floor drains,door sealsmaybe a significant
part of a design to prevent water from ~eriflg a
hoistway or machine room. However, it is not
appropriate to rely totally on door seals for water
protection.

Posslb/e Approach: The combined use of sloping
floors, floor drains and doors with seals to pr@WIt
water flow intothe hoistwayis illustratedin figure2
The lobby door with seals reduces the extent that
water can get inside the lobby. The floor drain is
located on the inside of the lobby, which reduces
the amount of water that can reach the drdn. If the
drain were outside the lobby, the water flow could
exceed the capacity of the drain. lhe lobby door
must be opened when people enter the lobby. The
floor drain and the sJopedfloorare intendedto deal
with the smallquantitiesof waterthat may enter the
lobby when the door is opened. If smallstreamsof
water flow past the floor drain, the sloping floor
reducesthe chance of water reachingthe hoistway.
A trench drain(figure3) can helpminimizeflow past
the drain. In the idealized arrangementof figure 2,
the etevatordoors are at a right angle to the lobby
door reducingthe potentialthat water sprayintothe
lobby through an open doorway will reach the
hoistway.

The above discussionaddressed preventingwater
flow through the elevator lobby, but water can also
flow directly into the hoistway. Efforts should be
made to prevent water flow directly into the
hoistway.Cracksand gaps on the insidesurfaceof
the hoistway should be filled and sealed, and a
water resistant coating on the surface may be
appropriate.

Exterfor Elevators

The discussion so far was restricted to elevators
located inside a building. However, there are
advantages to locating elevatorson the outside of
the building. As already stated, many elevators
operate outdoorson exteriorwallsof buildingswith
many of the system components exposed to rain,
wind and extremes of temperature. Such exterior
elevators could be used as EEESS. Exterior
elevators are subjected to severe rain and winds.
However, it is possiblethat the water flow through
an elevator door into the hoistway would be
significantly different from flow due to rain, and
etevatorCOmpOflEXTtsthat workduringrainmightfail
due to water expowre duringafire. At present, it is
recommendedthat exteriorelevatorsnotbe usedas

part of an EEES without protecting the elevator
lobby from water entry. Fufiher research might
provide information concerning the need for
protecting the lobbies of exterior elevators from
water entry.

Elevators With Exterior Lobbies

Some eJevatorsare located intheir own towers and
are separated from the building by a section of
exterior wakvay or an exteriorelevator lobby. This
approach is used in many motels in warm climates,
and it is illustratedin figure4(s). Such elevalorsare
another alternativefor EEESS.

The water flow due to sprinklersand fire hoses in
the buildingthat was not stopped by closed doors
with seals would flow into the elevator lobby. This
lobby is outside and is designed for water to flow
away from the elevator doors. lhe approach that ,
protects the elevator from rain can be expected to
protect it from water during a fire.

Further, wch elevator lobbies being open to the
outside are similar to an approach for stairs
descni in the NFPA Me Safety Code as
smokeproof enclowres by natural ventilation. To
qualii as naturallyventilated,the code requiresthat
a stairvestibulehave a minimumnet area of 1.5 m2
(16 f?) of opening in an exterior wall facing an
exterior court, yard, or public space at least 6.1 m
(20 ft) in width. The idea of this opening is to
provide a path for smoke flow from the buildingto
flow outsidewithoutgoing intothe stairs.Thk same .
approach can be used with elevators. Further, an
exteriorelevatorthat is separatedfrom the building
as shown in figure 4(b) wouid also have a similar
level of water and smoke protection.

OVERHEATING OF ELEVATOR MACHINE ROOM
EQUIPMENT

Lossof coolingcan rewk in lossof elevatorservice
due to overheating of elevator equipment, and
precautions need to be taken to minimize the
likelihood of wch overheating. The elevator
controllers located in the machine room are of
particular concern because of the high heat
generation rates of their solii state components.
Most elevator manufacturers specify a maximum
machineroomtemperatureinwhichtheircontrollers
can operate. This temperature is uwally in the
range of 30to 35°C (66to 95 “F).TM isthereason
machine roomsare air conditioned inmost modem

----—.- -- .
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buildings.Temperaturesinexcessof thosespecified
by the manufacturerscan reduce elevator reliability
or resultin elevatormalfunction.These malfunctions
include cars traveling with open doors and cars
going to floorsthat were not called. llte ASME A17
Committee is developing requirementsto prevent
elevator operation with overheated controllers,For
further informationabout the operationof elevators
at high temperatures readers are referred to
Ribiberio (1991), Marchtio (1991) and Madison
(1991).

Elevators intended to be used for emergsncy
evacuation must have a reihble means of cdkt9
machine room equipment during fires outside the
EEES(machine room, hoistwayand elevatoriobby).
Approaches to provide this cooling are

1. air conditioning equipment dedicatd to
cooling the machine room,

2 air conditioning equipment for cooling the
machine room and other buildingspaces,

3. equipment specificallydeveloped for cooling
the elevator controiier,and

4. thermal storage for keeping the elevator
controllercooi during the fire.

Currently, machine room cooling is either supplied
by dedicated air conditioning equipment or by
equipment that also conditionsother spaces. Thus
approaches 1 and 2 have the advantage of using
existing methods and equipment. The challenges
with these approaches are to provide protection
against fire damage and loss of electrical power.
ReMbiiii of electrical power is addressed in the
next section, but the dedicated equipment of
approach 1 uses iesselectricitythan nondedicated
equipment of approach 2. This isan advantagefrom
the viewpoint of reiiabie power.

Dedicated cooling equipment iocated in the
machine room or outsidethe buildingeNminatesthe
possibiiii of damage to this equipment from fire
outside the machine room to the extent tha! the fire
resistiveconstructionwithstandsthe fire. Examples
of such cooling equipment inciude inexpemhm
througl+thawall units,and roofmountedcondenser
units with fan and evaporator coiis located in me
machine room. Thus approach 1 dlminates the
possibility of damage to the machine room air
conditioning equipment from fire outside the

machine room to the extent that the fire resistive”
constructionwithstandsthe fire.

Approach3 has been informalitydiscussedby some
peopie interested in the use of elevators during
fires. The electronic industry has considerable
experiencewithcooling ei~ronic equipment using
a variety of heat transfer fluids inciuding air and
water. However, this approach would require
manufacturers to develop new controllers
inco~rating cooling capabilities. Approaches 1
and 2 have the advantage that they U*
componentsthat are currentiyon the market.

Approach 4 consists of providing thermal storage
for keepingthe eievatorcontrollercooi during afire
elevatoroperation.The thermal storage could be in
the form of a water reservoiror of a metallic heat
sink.Aswithapproach 3, the use of thermalstorage
would require manufacturers to develop new
Controiiers.

in concision, approach 1 which is dedicated air
conditioning equipment located in the machine
room or OWide of the building has the foilowing
advantages

1. it~lminates the possibiiii of damage to the
machineroomairconditioningequipmenttlom
fire outside the machine room to the extent
that the fire resistiveconstruction withstands
the fire.

2 it USeSiess eiSCtriCitythan approach 2 which
is an advantage from the viewpoint of rehbie
power.

3. it hasthe advantage of usingcomponentsthat
are currentlyon the market.

RELIABILITY OF ELECTRICAL POWER

Reiiiiii of electric power consistsot

a. assuringa source of power and
b. assuringcontinued distributionof power to

where it is needed.

Considerable experience exists in assuring the
supply of electrical power for critical functions in
hospitals, communication f@~@S com~ff
faciiiiiesand the like. However, elevator evacuation
is a uniqueapplication,and the approach to assure
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reliabilii of electric power must be appropriateto
the application.While it is beyond the scope of this
paper to determinewhat componentsare neededto
assure relkble power for elevator evacuation,the
following discussion should be helpfid for those
making such determinations.

Some components that can be used to ensure
reliatMii of power are fire protected distribution,
redundant feeds, power from multiple substations
outsidethe building,and emergencygeneratorsets.
Because elevator evacuation can tolerate short
durationpower loss,uninterruptiblepowerwppiies
are not necessary.Anyconsiderationof reiiabilii of
electric power should consider potentialcauses of
power failureand the consequencesof that failure.

Concern about interruptionof power wppiied by
the local utility is not as impatant for elevator
evacuation as it is for many other applications.
Applications wch as hospitals and many
communication facilitiesoperate most or all of the
time, and they need highlyreliablepowerfor all the
time that they operate. Emergency evacuation by
elevators is different in that this mode of ekvetor
operation is only needed during a buildingfire. At
most, the EEES would be expected to operate
during afire situationfor a few hoursoverthe Iii of
the building [~. lhe -Iiktilhood of simultaneously
having afire and havingthe utilii company power
interrupted is relativelysmall, providedthat the fire
and power failuredo not have the same cause (for
examplean earthquake).However,the probabilii of
having a power distribu&ionfailure during a fire is
relatively high. lhii is because fire frequently
damages electricaldsribution withinbuildktgs.

lhe locationof electricalcomponentshasan impact
on reliabilii of electrical power as is illustratedby
the followingdiscussionof feedersin hoistwaysand
emergencygeneratorsets.Electricaifeederslocated
inside a hoistway are protected by the fire
endurance of the hoistway. Further, loss of these
feeders due to fire exposure in the hoistwayhas no
impact on evacuation, because fire in the hoistway
would have already rendered the EEES unusable.
Thus, feeders insidethe hoistwaydo not need any
special fire protection. If an emergency generator
set is at a location remote from the ekator
mechanical room, the power feeders from the
generator will need fire protection. However, if the
generator set is inside the mechanical room, the
power feeders will not need any special fire

protectionfor the same reasonas the feeders inside’
a hoistway.

The level of reliabilityneeded and the appropriate
components needed to achi~e that reliabiiii
depend on the particularevacuationsystemand on
the total levelof fireprotectioninthe building.Some
buildings may only need fire protection for the
powerdistributionsystem,and other buildingsmay
need emergency generatorsets.

EARTHQUAKE PROJECTION

The probabilii of a fire starting during an
earthquakeor inthe timeof emergencyfollowingan
earthquake may be Iiile different than at other
times. Earthquakesoften damage utilitk?sincluding
water distributionsystems, and earthquakes often
place a high demand on the fire departments for
rescue and medical aid. It is not wrprising that the
firesthat do start duringthese times often become
large and result in considerable property damage.
For the convenience of the readers, a brief
description of the current approach to seismic
protection is provided. However, this section is in
no way intended to be a wbstitute for the codes,
and designersshoulduse applicablecodes directly.
PartX)9V of the ASMEA17.1 ElevatorCode (ASME
1993) addresses safety requirements for seismic
zones 2 and greater. Seismiczones are defined by
the model building codes (BOCA l= SBCCI
1=, UBC 1933 and 1993) based on professional
judgement. There are some differences between
these definitions.The UniformBuildingCode (UBC)
definitionis shown in figure5 to givethe readersan
idea of these zones. Ihe UBC zones were selected
because they were used in the earl@r FA4 study
(Klote et al. 1994).

In zone 2, strengtheningof railsand other structural
elements is required.In seismiczones 3 or greater,
a major concern is a collisionbetween the elevator
car and the counterweight[3] that has been
dislodged from its rails. The rails and other
structuralelementsare strengthenedto withstanda
horizontal acceleration of % g or great~4].
Additionally, if a seismic swkch sen= Wch ~
acceleration, elevatorsare put into the @mergency
mode described below. For moving cars, the
emergency mode consists of an emergency stOp,
followed by motionaway from the counterweightat
low speed to the nearestavailablefloor, open doors
and shut down. Cars not moving, when an
earthquake is sensed, remain inactive. Further,this

-
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emergency mode is ako activatedifa displacement
switch indicates that the counterweight has been
derailed.

As an example of the accelerationsthat can occur
during earthquakes, figure 6 shows maximum
horizontal accelerations at ground during the
Northridge earthquake (EQE 1994). lhere were
many locations during this earthquake that had
accekrations at ground level lower than % g. lhe
acceleration that activates a seismic switch is that
at the seismicswitch, not that at ground. Typically,
flexiblestructures(for examplesteel structures)will
encounter loweraccelerationsthanthoseat ground.
A seismic switch in a flexible structure would be
expected to encounter lower accelerations than
those at ground. rnus during an eanhquake, there
are many locations where accelerations are less
than % g, and the ekvators willcontinueto operate.

The approach described abow? requires that
ekvators be able to operate underaccekrations up
to% g and takes the ekvators out of twice in an
ordedy manner when higher accekrations are
detected. Whileit istheoreticaflypossibleto develop
ekvators that coutd operate through much higher
accekrations, developmentof suchelevatorswould
be a large effort, and there is no assurance that
such ekvators would be affordable. Further
research is needed in this area. The earthquake
requirements of ASME A17.1 only appfy to new
buifdings. ft is recommended that this approach to
seismic protection be used for EEESs in seismic
zones 3 and greater.

AVAILABIIJ7Y OF ELEVATORS

When an ekvator in an EEES is out of sewice for
scheduled or unscheduled maintenance, it cannot
be used for evacuation. If there are many elevators
in a building, the number of elevators used for
evacuation can be aekted to allow for a
percentage that may be out of service.

in buildings with onfy one ekvator, the above
redundancy approach to assuringavailsbilii is not
possible. Two other approaches to maximize
availabilii are off hoursmaintenanceand shortturn
around repairs. Scheduled maintenance can be
done during off hours when the building k shut
down or in a low state of activity. Maintenance
contracts can put a premium on fast repair for
unscheduled maintenance.men an efevatork out
of service,a sign shouldclearly indicatethk so that

valuable evacuation time is not wasted waiting for
an elevalor that can not come.

ELEVATOR CONTROL

In additionalto normalelevatoroperation, there are
two other modes of operation: ekvator recafl and
firefighters operation. Upon alarm of a smoke
detector in an ekvator lobby, the ekvator goes into
a recallmode in which the car is moved to the exit
landing and removedfrom service. In the event of
a fire on the exit ffoor, the elevator goes to an
alternate floor and is taken out of aetvice. ASME
A17.1 refersto this recall as Phase L rne landingto
which the car is moved is the exit floor or an
alternate floor if smoke was detected on the exit
floor. After recall, firefighters can operate the
ekvator, and such operation is underthe control of
the firefighterinsidethe ekvator. ASME A17.1 calls
firefightersoperationPhase //.

Some approaches that might be used to control
efevatorsduring an ekvator emergency evacuation
m

1. normal use (with less senaitii detectors),
2. $hase 11,and
3. an evacuationmode.

Normal Use

In m EEES, the ekvator (including the ekvator
Iobbks, hoistway and machine room) is protected
from the fire effects as discussed above. llms the
ekvator is operatingin an environmentwithoutfire.
There is no physical reason why an ekvator so
protected cannot continue to operate normally
provided that the smoke detector in the ekvator
lobby does not go into alarm. As stated earikr, an
alarmfrom this smoke detector will result in Phase
I ekvator recall. Typical smoke detectors are very
aensitii, and they can be put into alarm by a
quantityof smoke so small that a person might not
notice.Such smatiamountsof smoke may enter the
lobbywhen lobbydoors are opened for evacuation.
~ch IOW IEMSS of SWIOl@ are not a tenSbilii
concern. To avoid unwanted ekvator recall, the
smoke detectors inthe ekvator lobbiesthat initiie
Phase 1 operation can be replaced with less
sensitivedetectors such as heat detectors.

Using normal operation during evacuation is not
appropriate for evacuation of large numbers of
people, where a fullekvator car mightstop at every
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floor on its way to the exit floor. However, normal
mode would be appropriate for evacuationof small
numbers of people, such as a few people with
disabilitiesin an office buildingor the smallnumber
of workers in an FAA air traffic control tower. me
computer programfor elevatorevacuation(ELVAC)
by Klote, Aivord, Levin, and Groner (1992) can be
used to estimatetime for elevator evacuation.

Pheae II

The fireservice,usingPhaseII operation,could also
use elevators for evacuation of small numbers of
people. Further,it ispossiblethstbuildingpersonnel
could operate the elevators under Phase II for
evacuation before the fire ~“ce arrives. Use of
Phase II by non-tire service people would require
that the elevator operators be trained and that the
general approach not adversely affect fire sewice
operations. Phase II service must only be provided
by people who are aware of the locationand extent
of the fire and of its potential for endangering
people using elevators.

Evacuation Mode

Development of an elevator control mode for
evacuation of the general populationwould require
deveiopmmt of a specific controlconcept, a study
of people movement during such fire evacuations,
and modificationof ASME A17.1to accept this new
control mode.

Some of the featuresthat could be considered for
this fire evacuation mode are

1. abilii to import signals from other building
systems (fire alarm, HVAC, electric power
distribution,etc.),

2 abilii to predictfire growthand smoke spread
by computer simulation,and

3. abilii to adapt evacuation strategyto the fire
situation using dala from features 1 and 2

The capaMiiies of feature 3 could includethe abilii
to priotilze floors for evacuation and the abilii to
cancel calls from a floor with untenable conditions
in the elevator lobby. lhh evacuationmode has the
potential to be a significant part of people
movement in building in fire emergencies.

Development of an elevator control mode for
evacuation would require understandingof people
movement during a fire. Such movement is much
more complicated than that during a fire drill. The
firesenhceisentm”ngthe buildingas the occupants
are leaving,and some occupantstravel against the
flow of traffic to rescue other% or the get
belongings.Pathsthat are blocked by fire or smoke
cennpt be used. To some extent, figure 7 shows
this complexityof people movement during fire.

One significantmeansof passengerprotectionisto
minimizethe number of ways in which the elevator
equipmentcan be shutdown or taken out of service
duringemergencyperiods.Elevatorcontrolsystems
gmerally incorporate logic which causes elevator
stoppage when any number of malfunctionsoccur.
In normal service, this is a valuable means of
reducing passenger risk or dkcornfort. In a fire
emefgencY, a *@down may present more of a
hazard to buikfing occupants then continued
operation of a fire elevator system at reduced
performancelevels.

To reduce this source of hazard, elevator operation
maybe atteredinemergmcies evenbeyond today’s
FirefightersServicelevels.The deftnitiin of changes
to make will require an analysis of the risks and
benefitsassociatedwitheach change.Certainsafety
interlocks might be disabled. For example, if a
hoistwaydoor interlockshows open above the car
when the car is headingtoward the lobby or recall
floor, it might make sense to continue operation,
ratherthan to shutdown and leavethe Paesmgers
stranded.Clearly,stoppinga distantelevatorwillnot
protect someone at the open door, while it woukt
putthe elevatoroccupantsat increasedrisk Similar
evaluationswould have to be considered for other
safetychain componentssuch as the buffer switch
or gate switches.

COMMUNICATIONS

The developmentof a fire elevatorsystem needs to
take into account human behavior so that building
occupantswillbe willingand capable to operate the
system in an emergency. Human consideration
studiesconcerningelevatorevacuationindicatethat
occupants waiting for elevator will need
communications to let the people or system
controllingthe elevator know that they are wtilng
and to be informed of the status of evacuation
elevators(Gronerand bvin 19Z &Mn and Groner
1994).

-. .”,.
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The categories of communications that may be
needed

1.
2.
3.
4.

tie
human to human,
human to machine,
machine to human, and
machine to machine.

Communicationsare already in place for systems
used by the fire service. Communications for
systems intended for evacuation do not exist, and
the development of such communications would
need to take into account people movementduring
afire.

CONCLUSIONS

1. It is feasible to design an emergency
evacuationelevatorsystemfor evacuationof a
smallnumberof people(e.g. a few people with
disabilities in an oftice building, air traflic
controllersin a controltower, and occupante
of luxury apattment building). Such an
applicationwouldrequireprotectionofelevator
equipment such that it would be operating in
an environmentwithoutfire.

2 An emergency evacuation elevator system
must include building constructionprotection
for elevator passengers, peopie w*ln9 for
elevators, as well as, for elevator equipment.
~is protection consists of protection from
heat, flame, smoke, water, overh@in9 of
elevatormachineroom equipment and 10= of
electrical power.

3. It does not appear that an emergency
evacuationelevatorsystemfor evacuation of a
large numbers of people is practical at this
time. Such a system would have a high level
of complexity includingsensors,evaluationof
fireconditions,elevatorcontrolalgorithms,and
complex and unpredictablepatternsof people
movement. me application of elevator
evacuation for small numbers of people is
much eimplerthanelevatorevacuationof large
numbersof people. lhus a systemfor a smal
number of people is the next logical step.
Based on what is learned in this step, a more
complete system might follow.

NOTES

1. Even buttons that are not heat sensitivecan
short out when subjected to the elevated
temperaturesof a fire

2 An EEES may also operate during fire drills
and testing.

3. A counterweight is a mass that is moved up
and down in the opposite direction from the
elevator car to conserveenergy.

4. g is the accelerationof gravity,which is about
9.8 rnld (32 ftl~).

Table 1. Water flows of some oppression & firefightingdevices

Device U min gpm

127 mm (0.50 in) SprinklerHead 87-200 17.7-53

29 mm (1.125 in) Solii-Stream Hose Nozzte

Manuai~ Held Hose with +my Noz2fe 01150 11-3(XI

Ma@& Flow DaVices l-m 500-2000
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